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0 Methods of and systems for optical flber sensing. 

@ An optical fiber sensing system for detecting 
intrusion of optical fiber or optical fiber cables in- 
cludes an interferometric arrangement. Two ports 
(28, 30) of a four port splitter (25) are connected to a 
source (26) of optical power such as a laser, for 
example, and to a detector (32). The other two ports 
(46.48) are connected to ends of a length (50) of 
monitoring optical fiber. An Input signal to the splitter 
^is split with one subsignal being directed in one 
direction around the length of optical fiber which 
Observes as a common path between the two ports, 
OThe other signal is caused to travel around the 
^common path in an opposite direction. The split 
(©signals are recombined In the splitter and their 
W phase difference measured as a detectable pattern 
Qby the detector. Should there be Intrusion of the 
optical fiber or a cable containing the monitoring 
Qjoptical fiber, the pattern which is detected will 
change a significant amount. 
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METHODS OF AND SYSTEMS FOR OPTICAL HBER SENSING 



Technical Field 

This invention relates to naethods of and sys- 
tems for optical fiber sensing. 

Background of the Invention 

Until somewhat recently, optical fiber transmis- 
sion systems were believed to be secure from 
intnjsion. However, it is now icnown that a signal 
can be tapped from any length of optical fiber. A 
first step is for an intruder to remove portions of a 
cable sheath system and expose the optical fiber. 
Then some of the light transmitted through an 
optical fiber core is deflected to a receiver of the 
intruder. The extent to which signals in an un- 
protected optical fiber system can be detected 
depends on the intrinsic noise of the intaiding 
receiver. 

Now that it Is Icnown that optical fiber transmis- 
sion systems are not so immune, there is a need to 
determine If and when Intrusion occurs. In other 
words, a monitoring system is needed to provide 
an indication of the intrusion of optical fiber sys- 
tems. Experts in the field have said that access to 
the optical fiber cables is not difficult and that there 
are few good ways of detecting intrusion unless the 
activity Inside the fiber can be monitored. 

Such monitoring or sensing systems are need- 
ed in an optical fiber system wherein sensitive 
Information is transmitted. Aside from the obvious 
need to detect intrusion into optical fiber systems 
used in the military establishment, there also is 
such a need in civilian commercial enterprises 
such as In banking, for example. 

Banking is one line of commerce where secu- 
rity against intrusion is needed as streams of finan- 
cial data flow along an increasing number of optical 
fiber networks. Bank customers expect confidential- 
ity and banks themselves need information control 
to compete. At the wholesale level where the larg- 
est money transactions take place, fiber tapping is 
not perceived to be a significant threat at tills time. 
However, the movement of large sums of money in 
commerce obviously requires a high degree of 
security. 

In an attempt to provide suitable security, the 
Federal Reserve System has evinced a desired to 
encrypt its telecommunicatiens network by using 
data codes A problem with encryption is how to 
manage safely the access to keys that unlock the 
data codes. 

As for voice encryption several problems are 
posed. One is the difficulty of preserving voice 



recognition once the message has been decoded. 
The other Is the cost Involved in providing Individ- 
ual encryption devices for each user. Furthermore, 
after a spy scandal surfaced recentiy, encryption 
6 no longer has been considered as the best protec- 
tion for classified voice and data transmission. 

The prior art Includes systems intended to ad- 
dress the problem of security in optical fiber trans- 
mission systems. To protect cable, some advise 
70 installing the cable in a conduit and running a 
current along the conduit. An ohmmeter would de- 
tect any intmsion into the conduit. In a more so- 
phisticated arrangement, a cable-tapping device 
draws off power tiirough a microbend in the cable. 
15 The tapped power is run through a computer pro- 
grammed to recognized disparities and sound an 
alannrt and describe by way of a computer-screen 
menu tiie location of the intrusion. For such a 
system, the present cost Is reported to be about 
20 $1000. per link. 

Optical fiber can be used to detect a tap by 
means of optical fiber power loss that can be 
monitored by an optical time domain reflectometer 
or a sensitive photo detector. Typically, the prior 
25 art solutions have taken course of monitoring tiie 
optical power transmission tiirough each optical 
fiber. Should an optical fiber transmission system 
be intruded, an optical signal is tapped and optical 
power is extracted from tiie line. At tiie ends of the 
30 transmission line, detectors look for a change in 
optical power. If such a change is sensed, an alarm 
Is set off. In such an anrangement. each optical 
fiber has to be monitored to be secured. Obviously, 
ttiis solution is an expensive one. 
35 More recentiy, in an article appearing In Vol- 
ume 24. No. 13 of Electronics Letters dated June 
23, 1988 and entitled "Integrated Communication 
and Sensing System Using One Single Mode Op- 
tical Fiber", the author discloses the use of an 
40 Interferometric sensing technique to detect Intru- 
sion. This interferometric sensing technique utilizes 
the interference between different bound modes of 
an optical fiber tiiat travel in the same direction 
along a fiber path, commonly referred to as a 
45 speckle pattem. However, to use tills technique for 
single mode fiber systems where only one mode 
. type exists, an additional wavelength, which is re- 
fenred to as a monitoring wavetengtii and which is 
in the wavelength range of multimode operation of 
50 the fiber, must be introduced Into the fiber path. 
This monitoring wavelengtfi tiien launches more 
than one mode Into tiie fiber. The consequent 
changes In speckle pattern which reflect changes 
In the phase relationship between these modes can 
be monitored. Whenever the optical fiber is 
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touched, for example, that speckle pattern 
changes. A detector Is positioned to be spaced 
from an end of the converted single mode fiber. 
When the special optical fiber is touched, the 
speckle pattern is displaced from the zone of pick 
up of the detector, in other words, the detector 
position can be varied to alter the degree of sen- 
sitivity. 

Although this last described an'angement 
avoids the necessity for associating a monitor with 
each optical fiber in a cable, it does have certain 
drawbacks. For example, the monitoring 
wavelength that is used must be one at which the 
optical fiber operates muitimode. This means that a 
relatively short wavelength must be used. However, 
as is well known, the loss in an optical fiber in- 
creases rapidly as the operating wavelength de- 
creases because of Rayleigh scattering. For exam- 
ple, at a wavelength of 0.63 micron, the loss In the 
optical fiber is approximately eight to ten times as 
much as the loss at an operating wavelength of 
1300 nanometers. As a result, this system cannot 
be used as a system other than one including a 
relatively short length of optical fiber. In fact, in the 
above-identified article appearing in Electronics 
Letters , mention is made that the system can work 
at distances out to several kilometers. Also, the last 
described anrangement is not as stable as desired 
inasmuch as the optical fiber can be moved relative 
to the detector. As a result, it is subject to vibra- 
tions, and false alarms of security violations may 
occur. 

It should be clear that what is needed and what 
is not yet available is an optical fiber sensing 
system which is low in cost and which may be 
used to provide security for both voice and data 
transmission. What is desired is a system which 
does not need to be associated with each optical 
fiber in a cable. Hopefully, such a sought-after 
system wouid enjoy a wide spectrum of applicabil- 
ity in providing security In a number of environ- 
ments. 



Summary of the Invention 

The foregoing problems of the prior art have 
been overcome by the optical fiber sensing system 
of this Invention. An optical fiber sensing system 
includes an optical splitter for splitting an incoming 
signal into two subsignais, The optical fiber sensing 
system includes an optical fiber path which begins 
and ends at the splitter for receiving subsignais 
which are split from an incoming signal. The path 
is a common path for the spilt signals. The splitter 
causes the subsignais to be sent in opposite direc- 
tions along the common path which begins and 
ends at the splitter. Also, the splitter Is effective to 



recombine the subsignais after the subsignais have 
travelled in opposite directions around the common 
path. The recombined subsignais are manifested in 
a pattern which is characterized according to inter- 

5 ferometric interaction among the subsignais as 
they travel along the common path. 

A source, which may have a relatively high 
degree of coherence Is connected to the splitter 
and provides an Incoming optical signal to the 

70 splitter, Detecting facilities also are connected to 
the splitter and detect the optical power level of the 
two interfering subsignais. 

IS Brief Description of the Drawing 

FIG. 1 is a schematic view of an optical fiber 
sensing system of this invention; 

FIG. 2 is a schematic of a preferred embodi- 
20 ment of an optical sensing arrangement of this 
invention; and 

FIG. 3 is a schematic of anottier arrange- 
ment of the preferred embodiment of FIG. 2. 

25 Detailed Description 

Referring now to FIG. 1. tiiere is depicted a 
schematic view of an optical fiber sensing system 
which is designated generally by the numeral 20. 

30 The system 20 includes a four port splitter 25 
which is readily available commercially and which 
also may be referred to as a coupler. It may, for 
example, comprise a fused biconic tapered splitter 
which Is available from the Gould. Inc. having an 

36 office at Glen Burnie, Maryland. 

A source 26 of optical power is connected to a 
port 28 of tine optical splitter 25. The source of 
power which may be one having a relatively high 
degree of coherence provides an optical signal to 

40 the splitter 25. The narrower tiie range of operating 
wavelengths, the more sensitive the system 20. 

Altiiough a laser is prefen-ed as the source 28, 
other sources of optical power may be used. For 
example, a light-emitting diode also could be used 

45 to provide successive signals for the optical sys- 
tem. 

Connected to a second port 30 of the splitter 
25 is a detector 32. The detector 32 is adapted to 
detect changes on the interferometric pattern of the 

so system 20 when the optical fiber Is handled. 

As mentioned hereinbefore, the optical splitter 
25 includes four ports, in addition to one of the 
ports, the port 28. which is connected to the optical 
source 28 and the port 30 which Is connected to 

55 the detector 32. tiie splitter also includes third and 
fourtii ports 46 and 48, respectively. A lengtii 50 of 
optical fiber has one of its ends, which is des- 
ignated 52. is connected to the ttiird port 46 and its 
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other end 54 connected to the fourth port 48. The 
length 50 of optical fiber may comprise two optical 
fibers of a cable, for example, which are connected 
through a connector 58. or it may comprise a 
single length of optical fiber. 

An Incoming signal to the optical splitter 25 
which is provided by the source 26 Is split into two 
subsignals which are directed in different directions 
aiong a common path, which is provided by the 
length 50 of optical fiber. The paths of the subsig- 
nals are reconnected at far ends of the paths at the 
splitter 25. The split signals travel in opposite di- 
rections along the common path and are recom- 
blned back at the splitter with associated construc- 
tive or destructive interference. The constructive or 
destojctive interference is registered as a power 
change at the detector 32 which is attached to the 
port 30 of the splitter. 

The split as between the subsignals may be 
varied. A fifty-fifty split provides the most sensitive 
system wherein the interference ranges from 0 to 
100%. A different spilt could be used if noise Is a 
concern. Of course, should noise be a factor, de- 
tection facilities can be set at a higher level. 

Any stress imparted to the length 50 of optical 
fiber or any change in the optical path that varies 
with time will change the phase reiationship be- 
tween the two oppositely travelling signals, thereby 
changing the Interference between the two and 
registering a power change. Overall, in the handling 
of one cable, for example, signal level changes of 
about 1-2 dB or more with typical responses of 
about 2-3 dB have been observed. Such a sen- 
sitive response has a significant application in the 
detection of ah intrusion attempt on to the optical 
fiber. In fact, the magnitude of the signal changes 
due to cable handling alone are sufficient to alert 
the system before any signal tapping occurs. Han- 
dling of bare fiber or a bundle of fibers which 
includes the sensing fiber results In large re- 
sponses, on the order of about 10 dB. Also, acous- 
tic vibrations established by normal voice patterns 
are manifested as disturbances on the order of a 1 
to 2 dB level because of the acute sensitivity of the 
optical fiber. 

Such a system can be included easily in an 
existing optical fiber, transmission system provided 
there are two spare optical fibers that can be used 
to form the common path loop. If there is a dif- 
ferential change in stress with time, the phase 
relationship between the transmitted beams Is 
changed and constructive or destructive interfer- 
ence occurs which changes significantly the de- 
tected signal. Such stress may occur in any han- 
dling of the cable or fiber. In this sytem, no addi- 
tional loss of the system need be induced in order 
to create a change. Advantageously, the system 20 
is a distributed sensor that can be used to monitor 



an entire cable length between regenerators. 

For the source 26 of optical power, a laser is 
preferred because of its single wavelength. With a 
single wavelength, intrusion causes the interference 

5 pattern to change from constructive, resulting In a 
significant dB loss. On the other hand, for a light- 
emitting diode, there is a wide range of 
wavelengths. Intnjsion may- cause a change of only 
about 10 percent In the interference pattern, that is 

TO about 0.5 dB. so that the Intrusion Is not as notice- 
able. 

The optical fiber sensing system of this inven- 
tion has several important advantages over those of 
the prior art. First, the sensitivity Is such that such 
75 a system need not be associated with each optical 
fiber in a cable. One fiber in a cable is sufficient for 
this purpose and will provide an alarm. In fact, the 
an^angement is so sensitive that a mere touching of 
the cable stresses the sensing fiber sufficiently to 
20 provide an alarm signal. 

Secondly, the optical fiber sensing system has 
been shown to perform as intended over relatively 
long distances. For example, a sixty kilometer loop 
extends protection over a distance of thirty kilo- 
25 meters. Or, a sixty kilometer span may be pro- 
tected by two. thirty kilometer loops, one beginning 
from each end of the distance span. This Is an 
example distance and is not a limitation of the 
system. A longer wavelength in which losses are 
30 lower could be used and thereby transmit over 
greater distances. For example, the transmission 
length can be doubled by Increasing the 
wavelength from 1300 to 1550 nanometers. 

As mentioned hereinbefore, such a system as 
35 that described can be included easily in an existing 
optical fiber transmission system provided there 
are two optical fiber spares that be used to form 
the loop. As for a new installation, two optical fibers 
in a cable are designated to serve as the loop. 
40 There may be instances however, when two fibers 
for sensing or monitoring use are not available. In 
those instances, wavelength division multiplexing 
(hereinafter "W.D.M.") techniques are used to pro- 
vide a signal on an optical fiber that also is carrying 
45 normal traffic signals. 

A system which uses W.D.M. techniques is 
depicted, for example, in RG. 2 and is designated 
generally by the numeral 60. As is shown, the 
system 60 Includes two nornial traffic-carrying op- 
50 tical fibers 62 and 64. For detection of of intrusion, 
the system 60 includes a source 66 and a detector 
68, each of which is connected to a splitter 70 such 
as that used in the arrangement of FIG. 1. 

The splitter 70 splits an optical signal incoming 
55 from the source 66 into two subsignals with one of 
the subsignals travelling initially along a loop por- 
tion 72 and another travelling initially along a loop 
portion 74. Required in this arrangement are addi- 
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tional splitters, more particularly W.D.M, splitters 
76. 77, 78 and 79. These W.D.M. splitters may be 
fused biconic tapered splitters which also are avail- 
able from QouhJ. Inc. The signal which is split and 
sent In opposite directions along the portions of the 
intrusion detection loop is different from those sig- 
nals used to carry normal traffic. Only those signals 
in a narrow band of operating wavelengths are split 
On© split signal which is directed in a clock- 
wise direction first through the W.D.M. splitter 76, 
then along a loop portion 81 and through the 
W.D.M. splitter 77. travels through a connector 83 
and then through the W.D.M. splitter 79, a loop 
portion 85 and through tiie W.D.M. splitter 78 re- 
turning to the splitter 70 to be recombined. This 
signal is indicated in FIG. 2 by solid an'ows 86-88. 
There, it is recombined with the split signal which 
had been directed In a counterclockwise direction 
as viewed in RQ. 2 sequentially through the 
W.D.M. splitters 78,79,77 and 76 and which is 
indicated In FIG. 2 by broken arrows 87-87. 

The obvious advantage of this an-angement Is 
that it does not require additional optical fibers over 
those which already canry traffic. As the intrusion 
detection system does not carry high bit rates, and 
because low bit rate detectors can detect signals 
down to a value less than -60 dBm. the total loss of 
the system around the loop could be 40-45 dB 
without loss of sensitivity. 

The anrangement depicted in FIG. 2 also may 
be used as a module 90 for extending the Intrusion 
protection along an entire network length. For ex- 
ample, in FIG. 3 is shown the system of FIG. 2 with 
each pair of W.D.M. splitters such as 76 and 78 for 
example being connected to a source and a detec- 
tor but also to an optical fiber connector to close a 
loop. As a result, a plurality of modules are formed 
along the network length, each module comprising 
a source 66, a detector 68 and four W.D.M. split- 
ters closed in a loop by a connector such as that 
designated 83 in FIG. 2. In a next successive 
module, that is one which is designated 90 in FIG. 
3, the W.D.M. splitters 77 and 79 of the module 90 
function as the splitters 76 and 78 for the module 
90 and splitters 92 and 94 function for the module 
90' as the splitters 77 and 79 do for the module 90. 
Then in the next successive module, the W.D.M. 
splitters 92 and 94 become the splitters which are 
adjacent to the source and to the detector of the 
module. Isolation of the individual modules can be 
achieved by using different frequency modulations 
in the sources of adjacent loops and by using 
electrical filters that are nanrow pass band filters 
around the entire frequency. 

Sensitivity of the inventive systems can be 
changed by the modulation rate of the source 
which changes the spectral characteristics of the 
pulses and in so doing can exaggerate the con- 



structive and destructive interference. Also, change 
in the splitting ratio of the four port splitter as 
Indicated earlier on herein can be used. 

The evanescent or fused tapered splitter such 
5 as the splitter 25 described hereinbefore may not 
be preferred for multinnode optical fiber systems. 
This may become important when attempting to 
retrofit existing optical fiber systems, of which 
many are multimode such as, for example, in data 
10 links, with a sensing system of this Invention, 

With single mode transmission, each succes- 
sive signal input into the splitter is spilt over into a 
subsignal of the same mode in each of two cou- 
pling fibers which are fused together side and 
;5 which comprise the splitter. In other words the 
splitter distributes equally the mode volume. Upon 
the return of the subsignals after having traversed a 
common patii, but in opposite directions, intrusion 
is detected by the observation of a phase dif- 
20 ference in the returning signals. 

In multimode however, the amount of coupling 
from one optical fiber to another in a fused tapered 
splitter depends on the closeness of the optical 
fiber cores and how the field varies across the 
25 cross section of the optical fibers comprising tiie 
splitter. Should one mode be confined tightly to a 
fiber, there will be little coupling to tiie adjacent 
fiber of the splitter. On tiie other hand, least bound 
modes will spread out and couple easily across the 
30 two adjacent fibers. As a result, signals of one 
mode may leave tiie port 46 (see FIG. 1) and 
signals of another mode leave the port 48. When 
these signals are returned to the splitter, there may 
be little, if any, interference pattern because in 
35 effect tiiey have travelled over significantiy different 
patiis within the common path. 

As a solution to this problem in a multimode 
system, a discrete element splitter such as a half 
silvered minror Is used. Also, the splitter may be a 
40 cylindrical graded index lens, commonly referred to 
as a GRIN rod lens. Such a splitter reflects half the 
power input and transmits the other half. In otiier 
words, half the power over the entire mode dis- 
tribution is reflected and half is transmitted, so that 
45 similar fields occur in opposite directions around 
the common path. Inasmuch as there exists sub- 
stantially the same mode distribution in opposite 
directions, increased Interference is expected as a 
result of Intrusion. 
50 Many uses for tiie optical fiber sensing sys- 
tems of this Invention can be envisioned. For ex- 
ample, a dry splice could be located in each clo- 
sure so ttiat water intrusion into the closure and 
hence in a gap between optical fiber ends would 
66 cause a change in the index of refraction in the gap 
and hence cause a change in the Interferometric 
pattern. Also, such a system can be used In a 
number of security applications. For example, in 
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the home, such a system could be deployed about 
each window and door or embedded in carpets or 
in carpet padding. Pressure on the carpeting, for 
example, would result in an alarm. In such applica- 
tions, the relatively short distances involved would 
require only low grade optical fiber and splitters as 
well as relatively inexpensive sources and detec- 
tors. Another variant would have the desired sens- 
ing system deployed around the perimeter of a 
house or a military installation embedded under turf 
or strung along a fence. This could be accom- 
plished in such a manner that the physical arrange- 
ment is invisible to visual inspection of the prem- 
ises. Such a system also could be routed aside 
pipelines, for example, to detect physical intrusion 
thereof. 

It is to be understood that the above-described 
arrangements are simply Illustrative of the inven- 
tion. Other anrangements may be devised by those 
sicilled In the art which will embody the principles 
of the invention and fall within the spirit and scope 
thereof. 



Ciainris 

1. An optical fiber sensing system, which com- 
prises source means for providing successive op- 
tical signals, and optical splitter means capable of 
being connected to a source of optical signals for 
splitting each successive optical signal into a set of 
two subsignals and for providing said subsignals as 
outputs, said splitter means also being effective to 
recombine each said set of subsignals after each 
said set of subsignals have travelled in opposite 
directions around a common path, said sensing 
system being characterized by 

said optical splitter means being connected to said 
source means; and 

an optical fiber path which begins and ends at said 
optical splitter means for receiving each said set of 
subsignals which have been split from an incoming 
signal from said source means and which provides 
a common path .for carrying said subsignals in 
opposite directions thereaiong and for returning 
said subsignals to said splitter means where they 
are recombined; and 

detector means for detecting changes in an optical 
characteristic between successive sets of subsig- 
nals which are returned to said splitter means. 

2. The optical fiber sensing system of claim 1, 
wherein said optical fiber path comprises optical 
fibers which are disposed "in a cable, wherein said 
optical fibers which comprise said optical fiber path 
are dedicated to said optical fit>er sensing system. 

3. An optical fiber sensing system, which com- 
prises: 

a first optical fiber which canles routinely commu- 



nications traffic signals; 

a second optical fiber which canies routinely com- 
munications traffic signals; 
a pair of wavelength division multiplexer splitters 

5 which are spaced along said first optical fiber; 
a pair of wavelength division multiplexer splitters 
which are spaced along said second optical fiber; 
a source of optical power which is adapted to 
provide signals of a wavelength which differs from 

70 the wavelengths of those communication traffic sig- 
nals which are canled routinely on said first and 
second optical fibers; 

an optical fiber splitter which is connected to one 
of tfie wavelength division multiplexer splitters 

IS along said first optical fiber, to one of said 
wavelength division multiplexers along said second 
optical fiber, and to said source of optical power, 
said optical fiber splitter being effective to receive 
incoming signals from said source to split each 

20 incoming signal into two subsignals which are pro- 
vided as outputs; 

means for connecting the other wavelength division 
multiplexer splitter along the first optical fiber to the 
other wavelength division multiplexer along the 

25 second optical fiber to provide a loop which in- 
cludes said optical fiber splitter, said wavelength 
division multiplexer splitters and portions of said 
first and second optical fibers, said loop being 
effective to receive said subsignals of each said 

,30 signal and to provide a common path for said 
subsignals to be moved in opposite directions ar- 
ound said loop and return to said optical fiber 
splitter which is effective to recombine said subsig- 
nals; and 

35 a detector connected to said optical fiber splitter 
for detecting changes in the phase relationship 
between the two signals which are routed around 
said loop in opposite directions. 

4. The optical fiber sensing system of claim 3, 
40 wherein said optical fiber splitter is a four port 

splitter. 

5. The optical fiber sensing system of claim 3, 
wherein said source has a relatively high degree of 
coherence. 

46 6. The optical fiber sensing system of claim 3, 
wherein said pair of wavelength division multiplex- 
ers along said first optical fiber is a first pair 
associated with said first optical fiber and said pair 
of wavelength division multiplexers along said see- 
so ond optical fiber is a first pair associated with said 
second optical fiber, and said optical fiber sensing 
system comprises a plurality of pairs of wavelength 
division multiplexers along said first optical fiber 
and a plurality of pairs of wavelength division mul- 
55 tiplexers along said second optical fiber, each suc- 
cessive pair of wavelength division multiplexers 
along one of said optical fibers after said first pair 
thereaiong comprising a wavelength division mul- 
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tiplexer which is common to the preceding and to 
the succeeding pair, and wherein said connecting 
means comprises a connector with each 
wavelength division multiplexer along the first op- 
tical fiber being connected by one said connector 
to a wavelength division multiplexer of a corre- 
sponding pair along said second optical fiber. 

7. The optical fiber sensing system of claim 3, 
wherein said portions of said first and second op- 
tical fibers include those portions of said first and 
second optical fibers disposed between said 
wavelength division multiplexers spaced along said 
first and second optical fibers. 

8. The optical fiber sensing system of claim 3, 
wherein the changes in phase relationship are de- 
tected as changes in optical power. 

9. A method of sensing disturbances of an 
optical fiber system, said method comprising the 
steps of: 

providing a source of optical signals; 
splitting each optical signal into two subslgnais; 
directing the two subsignals in opposite directions 
around a common loop path and returning the two 
subsignals to entry points of said path; 
recombining the two subsignals after the two sub- 
signals have moved about the common path and 
returned to the entry points; and 
detecting changes in the phase relationships as 
between successive pairs of the split subsignals to 
indicate a disturbance of the optical fiber system. 

10. The method of claim 9. wherein said step 
of directing includes directing the split subsignals 
along optical fibers in a cable, said optical fibers 
being connected to provide the common path, and 
wherein said step of directing along optical fibers in 
a cable is accomplished so that said optical fibers 
in said cable do not can^ transmission signals 
other than the subsignals received from the split 
optical signal. 

11. A method of sensing disturbances of an 
optical fiber system, said method comprising the 
steps of: 

providing a first optical fiber which can'ies commu- 
nications traffic signals; 

providing a second optical fiber which canies com- 
munications traffic signals; 
providing a pair of wavelength division multiplexers 
which are spaced along the first optical fiber; 
providing a pair of wavelength division multiplexers 
which are spaced along the second optical fiber; 
providing a source of optical signals; 
splitting each optical signal Into two subsignals; 
establishing a common loop path for the two sub- 
signals which includes that portion of the first op- 
tical fiber between the two wavelength division mul- 
tiplexers which are spaced along the first optical 
fiber and that portion of the second optical fiber 
between the two wavelength division multiplexers 



which are spaced along the second optical fiber; 
directing the two subsignals in opposite directions 
around the common loop path; 
recombining each set of two subsignals after each 
6 set of two subsignals has moved in opposite direc- 
tions around the common loop path; and 
detecting changes in the phase relationship as be- 
tween successive sets of split subsignals to in- 
dicate disturbance of the optical fiber system. 



} 
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